Alzheimer's disease and cerebral amyloid angiopathy are characterized by the deposition of b-amyloid fibrils consisting of 40-and 42-mer peptides (Ab40 and Ab42). Since the aggregation (fibrilization) of these peptides is closely related to the pathogenesis of these diseases, numerous structural analyses of Ab40 and Ab42 fibrils have been carried out. Ab42 plays a more important role in the pathogenesis of these diseases since its aggregative ability and neurotoxicity are considerably greater than those of Ab40. This review summarizes mainly our own recent findings from the structural analysis of Ab42 fibrils and discusses its relevance to their neurotoxicity in vitro.
Alzheimer's disease (AD) is one of the most common neurodegenerative disorders associated with aging, and is characterized by fibrillar deposits of amyloid b (Ab) peptides in the brain parenchyma and cortical blood vessels (1) . Aggregates quite similar to amyloid fibrils are also observed in several other neurodegenerative diseases, for example, prion disease, Huntington's disease, and Parkinson's disease. AD is characterized by extracellular neuritic amyloid plaques (senile plaques) and intraneuronal neurofibrillary tangles. The senile plaques consist mainly of 40-and 42-mer peptides (Ab40 and Ab42) (2), whereas a major constituent of the neurofibrillary tangles is abnormally phosphorylated tau (3) . Since the senile plaques are more characteristic of AD, much research on Ab peptides has been carried out in the past 20 years.
Ab peptides result from the proteolytic cleavage of b-amyloid precursor protein (APP) (4) by two proteases, b-and g-secretase (5-7) (Fig. 1) . Occasionally, 39-and 43-mer Ab peptides occur. Under physiological conditions, the ratio of Ab42 to Ab40 is about 1:10. Ab42 plays a critical role in the pathogenesis of AD since its aggregative ability and neurotoxicity are much greater than those of Ab40 (5, 8) . Ab42 oligomers initially formed as a seed accelerate the aggregation of Ab40 to form the amyloid plaques that eventually lead to the neurodegeneration (amyloid cascade hypothesis) (9) . Although the direct involvement of Ab peptides in AD is well documented and their aggregative ability is closely related to their neurotoxicity, the precise mechanism of the neurotoxic effects of Ab peptides remains unclear. Moreover, it has recently been reported that the neurotoxicity of Ab peptides might be ascribable to the oligomeric species, not the fibrils (10, 11) .
The structural analysis of Ab fibrils is one of the most promising ways of revealing the mechanism of AD. Recent biophysical investigations using electron microscopy, Fourier transform infrared spectroscopy (FTIR), and circular dichroism (CD) spectroscopy showed that Ab fibrils adopt a b-sheet structure (12) . However, a high-resolution structural analysis of Ab fibrils has yet to be conducted since single crystal X-ray crystallography and solution NMR cannot be applied to insoluble Ab fibrils. The systematic mutation of Ab peptides and solid-state NMR spectroscopy are more reliable methods of establishing how particular amino acid residues are arranged within the b-sheet of Ab fibrils, information that is indispensable to developing new agents with inhibitory activity toward the aggregation and subsequent neurotoxicity. This review focuses mainly on our own recent investigations of the structure of Ab fibrils and discusses its relevance to their neurotoxicity in vitro.
I. SYNTHESIS OF Ab PEPTIDES
To investigate the structure of Ab fibrils, highly pure Ab peptides are indispensable. However, Ab42 with 14 hydrophobic and/or bulky amino acid residues at the C-terminus easily aggregates even in weakly acidic and neutral media (13) . This aggregative propensity makes difficult its solidphase synthesis, and Ab42 is classified as a difficult sequence-containing peptide (14) . In addition, conventional reversed-phase HPLC purification in aqueous acetonitrile containing trifluoroacetic acid is not effective for purifying crude Ab42 because of its low solubility in water and broad elution on the C 18 column under acidic conditions. Since commercially available Ab42 sometimes contains impurities (15) , previous biological and physicochemical data using Ab42 are often problematic and controversial.
Several long peptides such as ribonuclease, HIV protease, and green fluorescence protein have been synthesized using fragment condensation of peptides of about 10 residues (16) (17) (18) . However, fragment condensation requires a lot of labor and time. To circumvent this problem, we developed an efficient methodology to obtain long peptides of over 50 amino acid residues without fragment condensation, in collaboration with Drs. H. Fukuda and M. Shindo at Applied Biosystems (Foster City, CA, USA) (19) (20) (21) . More than 50 kinds of Ab42 peptides have been synthesized in a stepwise fashion with a Pioneer ™ peptide synthesizer (Applied Biosystems) using N-[(dimethylamino)-1H-1,2,3-triazolo [4,5-b] pyridin-1-ylmethylene]-N-methylmethanaminium hexafluorophosphate N-oxide (HATU) (22) as an activator for Fmoc chemistry (Fig. 2) . The Pioneer ™ is a continuous flow-type peptide synthesizer that allows for a high flow rate of the reagent solution to establish a high coupling yield. Each Fmoc amino acid activated by HATU in the presence of N,N-diisopropylethylamine in N,N-dimethylformamide was coupled with a preloaded polyethylene glycol-polystylene (PEG-PS) support containing Fmoc-Ala. The PEG-PS support is quite useful for synthesizing a long hydrophobic sequence like Ab42 because the PEG moiety reduces the hydrophobic interaction between the peptide chain and the polystyrene support. Although the PEG-PS resin is fragile, the continuous flow-type system does not damage it. This efficient synthesis followed by purification using reversed-phase HPLC under alkaline conditions gave each Ab42 peptide in over 98% purity (23) (24) (25) (26) (27) . Total yields of the Ab peptides were generally 10-20%, indicating that the average coupling yield of each condensation step was over 96%.
Recently, a unique method of synthesizing Ab42 using an O-N intramolecular acyl migration reaction (28) , which is generally observed in Ser/Thr-containing peptides (29, 30) , has been reported. 26-O-Acyl isoAb42 did not aggregate rapidly and could be easily purified by the reversed-phase HPLC, possibly because the branched ester structure would suppress unfavorable intermolecular hydrophobic interactions. After purification, 26-O-acyl isoAb42 was efficiently converted to intact Ab42 under physiological conditions via O-N intramolecular acyl migration. the presenilin 2 gene on chromosome 1 (33, 34) , have been identified as causative of AD. Recent investigations suggest that presenilins are components of g-secretase (35, 36) which cleaves APP to produce Ab peptides ( Fig. 1 ). Most presenilin mutations increase the production of Ab42 which aggregates readily with significant neurotoxicity in vitro.
Mutations of APP are located adjacent to the b-and g-cleavage sites or within the Ab domain itself (Fig. 1) . Mutations near the b-secretase cleavage site increase the total amount of Ab peptides, whereas those near the g-secretase cleavage site increase the production of Ab42 with potent neurotoxicity (37) . In contrast, the V715M (French) mutation reduced the production of Ab40 without affecting the level of Ab42, suggesting that the ratio of Ab42 to Ab40 rather than the absolute amount of Ab42 is more important for the pathogenesis of AD (38) .
Cerebral amyloid angiopathy (CAA) in FAD is linked to missense mutations inside the Ab-coding region in APP. The mutations are concentrated at positions 21-23 ( Fig. 1 ) and are called Flemish (A21G) (39) , Arctic (E22G) (40) , Dutch (E22Q) (41), Italian (E22K) (42) , and Iowa (D23N) (43) . More recently, H6R and D7N mutations have been reported (31, 44) . These Ab mutants may play a pathological role in the CAAs since wild-type Ab peptides induce neuronal death in vitro. The neurotoxicity and aggregative ability of several CAA-related Ab40 mutants have been reported independently showing that Arctic, Dutch, Italian, and Iowa mutants aggregate faster than wild-type Ab40 (8, 40, (45) (46) (47) (48) . However, there have been few reports on the neurotoxicity and aggregative ability of the CAA-related Ab42 mutants. Since wild-type Ab42 shows considerably greater neurotoxicity and aggregative ability than wild-type Ab40, we focused on the CAA-related Ab42 mutants. It is also necessary to simultaneously compare the neurotoxicity and aggregative ability of all of the CAA-related Ab40 and Ab42 mutants under the same conditions of pH, peptide concentration, buffer, and temperature.
As shown in Table 1 , the CAA mutations at positions 22 and 23 of Ab peptides enhanced the neurotoxicity in vitro in PC12 cells, compared with the corresponding wild-type Ab40 and Ab42, respectively (23, 25) . It is especially important that the neurotoxicity of the Ab42 mutants substituted at positions 22 and 23 was considerably stronger (50-200 times) than that of the corresponding Ab40 mutants, which never exceeded that of wild-type Ab42, suggesting that these Ab42 mutants are main determinants in the pathogenesis of CAA. Although the aggregative velocity of E22G-Ab42 and D23N-Ab42 was similar to that of wildtype Ab42, E22Q-Ab42 and E22K-Ab42 aggregated far more rapidly (Fig. 3a) , supporting the clinical evidence that Dutch and Italian FAD patients have hereditary cerebral hemorrhage with amyloidosis (HCHWA). The appearance of the Dutch and Italian patients differs from that of the Arctic and Iowa patients (45) .
In contrast to the mutants substituted at positions 22 and 23, A21G-Ab peptides (Flemish mutation) aggregated little and had less neurotoxicity than the corresponding wild-type Ab peptides ( Fig. 3a and Table 1 ). Recently, Tsubuki et al. (49) reported that A21G-Ab42 and the CAA-related Ab42 mutants altered at position 22 resist the catabolic reaction by the degradation enzyme of Ab peptides. In addition to the neurotoxicity and aggregative ability of the Ab mutants themselves, this catabolic characterization would be also related to the pathogenesis of CAA, especially Flemish-type 
CAA.
Since the Ab mutations at positions 21-23 are one point missense mutations, we examined the neurotoxicity and aggregative ability of three potential Ab42 mutants altered at position 22 (E22A-, E22D-and E22V-Ab42) (23) . As shown in Table 1 , all these potential mutants were less toxic and aggregated slower than the wild-type Ab42. It is, therefore, concluded that these potential mutations would not cause CAA. It is not clear whether the newly discovered mutations, H6R-and D7N-Ab, are involved in the pathogenesis of CAA. Our preliminary research on D7N-Ab42 suggests that its neurotoxicity and aggregative ability are almost the same as those of wild-type Ab42 (unpublished results).
The data clearly indicate that the neurotoxicity as well as aggregative ability of Ab peptides is closely related to the alteration of the amino acid residues at position 22. Some investigators proposed that a change or loss of charge at position 22 enhanced the pathogenetic properties of Ab40 peptides (45, 46) . However, our results did not necessarily support this proposition; E22V-Ab42 without a charge at position 22 showed no neurotoxicity and extremely weak aggregative ability, and the neurotoxicity and aggregative ability of E22A-Ab42 were similar to those of E22D-Ab42, but slightly weaker than those of wild-type Ab42 (Table 1 ) (23) . These results strongly suggest that the steric factor of the side chain at position 22 changes the conformation of Ab peptides to affect their neurotoxicity and aggregative ability.
It is widely accepted that Ab fibrils mainly consist of intermolecular b-sheets (12). However, FTIR spectra suggest that the b-sheet is not the sole secondary structure of Ab peptides in the fibrils (23, 25) . The fact that Lys-Asp (Italian), Gln-Asp (Dutch), Gly-Asp (Arctic), and Glu-Asn (Iowa) sequences are frequently found in the two-residue b-turn (50), led us to speculate that Ab42 might form a turn at positions 22 and 23 that eventually results in the formation of the more stable intermolecular b-sheet structure. To test this speculation, several Ab42 and Ab40 derivatives substituted at position 22 with amino acid residues that induce or suppress the formation of a turn, were examined for their neurotoxicity and aggregative ability. Proline at the first position is known as a b-turn inducer, whereas valine is known as a b-turn breaker (50). E22P-Ab42 and E22P-Ab40 showed stronger neurotoxicity with more potent aggregative ability than the corresponding wild-type Ab42 and Ab40, respectively (Table 1 and Fig. 3b) . In contrast, E22V-Ab42 was almost inactive both in neurotoxicity and aggregative ability. These results strongly support that the turn at positions 22 and 23 in Ab peptides is their key secondary structure related to neurotoxicity and aggregative ability, and explains why many CAA mutations are concentrated at positions 22 and 23 of the Ab peptides.
III. ANALYSIS OF THE STRUCTURE OF b-AMYLOID FIBRILS BY SOLID-STATE NMR AND SYSTEMATIC PROLINE REPLACEMENT
A high-resolution structural analysis of the Ab fibrils remains to be conducted since X-ray crystallography and liquid-state NMR cannot be applied to noncrystalline and insoluble Ab fibrils. X-ray fiber diffraction showed that amyloid fibrils contain cross-b structural motifs, in which the b-strand segments lie perpendicular to the long axis of the fibril (12, 51, 52) . Hitherto, several structural models for full-length Ab fibrils (53) (54) (55) (56) (57) and fibrils formed by Ab fragments (58-61) have been proposed. Most of the data indicated the presence of antiparallel b-sheets in the Ab fibrils, and a model containing antiparallel b-sheets and a turn at positions 25-28 has been proposed. Evidence for the antiparallel b-sheet comes mainly from the amide I band of the infrared absorption spectra. However, recent structural studies on Ab10-35 using solid-state NMR measurements have established a parallel b-sheet structure (58-61). The Ab fibrils can adopt both parallel and antiparallel b-sheets depending on the amino acid composition and sequence. A structural analysis of the Ab40 and Ab42 fibrils that exist mainly in the AD brain was, thus, urgently needed. In 2000, Tycko's group (62, 63) obtained for the first time unambiguous evidence of an extended parallel b-sheet organization for the Ab40 fibrils using solid-state NMR with a multiple quantum 13 C NMR technique. They showed that the b-methyl carbons of Ala-21 and Ala-30 must be placed in groups of at least four with internuclear distances of less than 5.5 Å. This work provides highly important structural constraints on the Ab40 fibrils (Fig. 4) .
Although Ab fibrils contain a significant amount of the intermolecular b-sheet (12, 64), the b-sheet is not the sole secondary structure in the fibrils. Liquid-state NMR, FTIR, and CD spectra showed that the Ab fibrils might have a turn at positions 26-29 (65-67) . The existence of this turn has recently been supported by a set of experimental constraints based on the solid-state NMR of Ab40 fibrils (68, 69) , in which residues 12-24 and 30-40 adopt b-strand conformations and form parallel b-sheets through intermolecular hydrogen bonding as shown in Fig. 4 .
However, there have been few reports on the fibril structure of Ab42. Efficient synthesis of Ab42 with 14 hydrophobic and bulky amino acid residues at the C-terminus is quite difficult, inhibiting the application of solid-state NMR to the structural analysis of Ab42 fibrils, since a series of 13 C-and/or 15 N-labeled Ab42 peptides must be prepared in large quantity (10-20 mg). The systematic replacement of proline in peptides is a promising and rapid method for predicting secondary structure, especially a b-sheet and a turn (70) . Although prolines occur rarely in b-sheets, they are easily accommodated in a turn such as a Pro-X corner where . However, such experiments should optimally be carried out with Ab42 whose aggregative ability and neurotoxicity are greater than those of any other Ab peptide in a physiological context. Thirty-four proline-substituted mutants of Ab42 were synthesized to examine their aggregative ability and neurotoxicity in PC12 cells (24, 26) . Among the mutants with substitutions at positions 15-32, only E22P-Ab42 aggregated more rapidly and with stronger neurotoxicity than wild-type Ab42, whereas other mutants with substitutions at positions 15-21 and 24-32 hardly aggregated after an 8-h incubation at 25 mM (Fig. 5) , indicating that the residues at positions 15-21 and 24-32 are involved in the b-sheet formation and that the turn at positions 22 and 23 plays a crucial role in the aggregation of Ab42. There was a good correlation between the aggregative ability and the neurotoxicity in PC12 cells (26) . Notably, E22P-Ab42 had a potent neurotoxic effect (Table 1) . This finding demonstrates very well the potent aggregative ability of the Ab42 mutants in CAA (E22Q-and E22K-Ab42), since Gln-Asp (Dutch) and Lys-Asp (Italian) sequences at positions 22 and 23 are more frequently found in the two-residue b-turn than in Glu-Asp (wild-type) (50) .
The C-terminal two residues of Ab42 play a critical role in its aggregative ability and neurotoxicity (5, 8) . Ten years ago, Weinreb et al. (71) proposed that hydrophobic interaction among the side chains at the C-terminus induces aggregation, where Ile-41 is incorporated in the hydrophobic core formed by Leu-34 and Met-35 (Fig. 6a) . However, our recent finding (26) that a substitution at position 41 or 42 of Ab42 with a hydrophilic threonine residue did not decrease the aggregative ability and neurotoxicity, did not support Weinreb's hypothesis. It was speculated that the C-terminal residues also participate in the b-sheet formation. As shown in Fig. 5 , the proline mutants substituted at positions [40] [41] [42] hardly aggregated at all and were not neurotoxic, indicating that the C-terminal three residues significantly participate in the b-sheet formation. On the other hand, G33P-, L34P-, G38P-, and V39P-Ab42 showed significant aggregative ability, suggesting the existence of turns at positions 33 and 34, and 38 and 39. These results support the presence of an intramolecular anti-parallel b-sheet (Fig. 6b) rather than a hydrophobic cluster (Fig. 6a) . In contrast, mutagenesis of Ab40 (72) has shown that the C-terminal residues at positions 37-40 of Ab40 are excluded from the b-sheet structure (Fig. 6c) . Spin-labeling experiments using Ab40 (73) also suggested that the C-terminus of Ab40 is not packed in a rigid structure within the fibril. These findings clearly indicate that the C-terminal structure of Ab42 is quite different from that of Ab40.
The N-terminal two residues are not necessary for the aggregative ability and neurotoxicity of Ab42 since Ab3-42 lacking these two residues aggregated as rapidly as the wildtype Ab42 and had strong neurotoxic effects (26) . Moreover, all of the proline-substituted mutants altered at positions 3-13 showed good aggregative ability (Fig. 5) . This result indicates that the N-terminal 13 residues do not adopt any solid structure such as b-sheets or turns.
On the basis of the systematic proline replacement along with the stringent requirement for an intermolecular parallel b-sheet at positions 12-24 and 30-40 in Ab40 (68, 69), we proposed a new structural model of the Ab42 fibrils as shown in Fig. 6d . The most important structural feature is the turn at positions 22 and 23 that separates one b-strand at positions 15-21 from the other at positions 24-32. Although this structure resembles that of Tycko and colleagues (68, 69) , the position of the turn is slightly different (Figs. 4 and  6d ). As the turn at positions 22 and 23 of Ab42 most reasonably explains the pathogenesis of CAA (Dutch and Italian mutation), it might be the 'malignant' conformation of Ab peptides.
In order to verify the turn structure at positions 22 and 23 of Ab42, we analyzed the tertiary structure at positions 21-24 of the E22K-Ab42 fibrils (Italian mutant) using solidstate NMR (unpublished results). E22K-Ab42 was selected because of its highly aggregative ability and neurotoxicity (23, 25) . The E22K-Ab42 fibrils uniformly labeled with 13 C and 15 N at positions 21-24 were analyzed using dipolar as- sisted rotational resonance (DARR), which enables a broadband 13 C-13 C correlation 2D experiment (74, 75) . Two sets of chemical shifts for Asp-23 were observed at a ratio of about 2.6: 1, indicating that Asp-23 has two conformations. The 2D DARR spectra at the mixing time of 500 ms showed that the side chains of Asp-23 and Val-24 in the major conformer, and those of Lys-22 and Asp-23 in the minor conformer, are located on the same side, respectively. The data strongly support the presence of the turn at positions 22 and 23 of the E22K-Ab42 fibrils. Quite recently, Wetzel and colleagues (72, 76, 77) have shown that Ab40 fibrils also adopt a turn structure at positions 22 and 23 using systematic proline replacement followed by molecular modeling (Fig. 6c) . It would, thus, be safe to conclude that the presence of the turn structure at positions 22 and 23 is also valid in the Ab40 fibrils as a 'malignant' conformation.
IV. MECHANISM OF THE NEUROTOXICITY OF Ab PEPTIDES
The AD brain is characterized by increased oxidative stress, particularly in neuronal lipids, proteins, and DNA. Ab42 induces lipid peroxidation and protein oxidation in vivo and in vitro possibly by generating radicals (78) (79) (80) . Although the neurotoxicity of Ab42 is related to the generation of H 2 O 2 (81), the chemistry involved in generating the oxidation products via Ab42 remains unclear. However, experimental data that contribute to the clarification of the oxidation mechanism have recently been reported (82) (83) (84) (85) . Cu(II) remarkably potentiates the neurotoxicity of Ab42 and Ab40 in cell culture, and the strength of the neurotoxic effect correlates with the ability to reduce Cu(II) to Cu(I) and to form H 2 O 2 in a cell-free system. Cu(II) forms a complex with the three histidine residues at positions 6, 13, and 14 of Ab42 (86), and Tyr-10 is converted to the tyrosyl radical in the reduction of Cu(II) to produce H 2 O 2 (87, 88) . Zn(II) and Fe(III) as well as Cu(II) also bind to Ab peptides (89, 90) . It is worth noting that the rodent homologue of Ab42 (R5G-, Y10F-and H13R-Ab42) does not show any H 2 O 2 production (80), indicating that Tyr-10 and His-13 play a pivotal role in the metal-mediated production of H 2 O 2 , and explaining why rats and mice do not suffer from Alzheimer's disease. The N-terminal 13 residues that are not involved in the intermolecular b-sheets in the Ab42 fibrils, participate in the production of H 2 O 2 in the presence of metal ions like Cu(II), Zn(II), or Fe(III).
There is considerable evidence that Met-35 is essential for the neurotoxicity and oxidative effects of the Ab peptides (91, 92) . The norleucine derivative at position 35 of Ab42 did not show any oxidative or neurotoxic effects. The methionine sulfoxide of Ab42, where the sulfur atom of Met-35 is oxidized, is neither oxidative nor neurotoxic. Butterfield and colleagues (93) have recently proposed that the reactive form of the methionine residue in Ab42 is a sulfur radical cation as shown in Fig. 7a . This radical species can abstract an allylic hydrogen of phospholipid acyl chains to give allyl radicals that bind molecular oxygen to form peroxyl radicals. The resultant peroxyl radicals would damage membrane components such as lipids and proteins. However, the S-oxidized radical cation is generally so unstable that it would hardly cause oxidative damage by itself (94) . Some stabilization mechanism must exist in the methionine radical cation of Ab42. Recent research using a truncated peptide (Ab25-35) that mimics the neurotoxicity of Ab42 revealed that the mechanisms of oxidative stress of Ab42 and Ab25-35 are quite different though a single methionine residue at position 35 in both peptides is indispensable to the oxidative stress (93) . Since the addition of valine to the C-terminus of Ab25-35 abolished the oxidative ability, a free carboxyl group adjoining the sulfur atom of Met-35 seemed to be involved in the oxidation (Fig. 7b) (93) . Consistent with this notion, the C-terminus amide derivative of Ab25-35 was completely inactive. Although the S-oxidized radical cation is generally too short-lived to cause oxidative damage, the negatively charged C-terminal oxygen of Ab25-35 would stabilize the radical cation by forming a six-membered ring as reported in the N-acetylmethionine amide (94) . Such participation by a neighboring group is not possible in the Ab25-35 amide and Ab25-36, explaining their weak neurotoxity and oxidative ability. On the other hand, another of the neighboring groups should be involved in the case of full-length Ab42.
Buttersfield and colleagues (95) proposed that the association of the sulfur atom of Met-35 with the amide carbonyl group of Ile-31 is possible if this region adopts an a-helix. However, the region at positions 24-32 of Ab42 was shown to be involved in the intermolecular b-sheet by our systematic proline mutagenesis (26) . Moreover, our data revealed the existence of a turn at positions 38 and 39 which separates the b-strand containing Val-40, Ile-41, and Ala-42 from that containing Met-35, Val-36, and Gly-37. At present, there is no solid evidence of whether these b-strands are intermolecular or intramolecular. However, it seems reasonable to believe that they are intramolecular b-sheets since the stabilization of the S-oxidized radical cation by the C-terminal carboxylate anion is possible with the formation of the intramolecular b-sheet as shown in Fig. 7c . Since there is no such C-terminal b-sheet region in Ab40 as Williams et al. (72) proposed (Fig. 6c) , our hypothesis can explain the large difference in aggregative ability and neurotoxicity between Ab42 and Ab40.
CONCLUSION
On the basis of the systematic mutation of Ab42 and the NMR analysis of the E22K-Ab42 fibrils, we proposed a new aggregation model for Ab42 as shown in Fig. 6d . This model can also explain the potent oxidative ability of Ab42 as shown in Fig. 8 . The tyrosyl radical is produced along with H 2 O 2 by the N-terminal three histidines and metal ions like Cu(II), Zn(II), or Fe(III). The turn that forms at positions 22 and 23 would make the resultant tyrosyl radical at position 10 accessible to the sulfur atom of Met-35 to give the S-oxidized radical cation, which could be stabilized by the participation of the neighboring group (the C-terminal calboxylate anion) induced by the formation of the intramolecular b-sheet at positions 35-37 and 40-42. Oligomerization of Ab42 induced by the intermolecular b-sheet at positions 15-21 and 24-32 would confine this radical species in the oligomer, making it possible to damage the cells continuously. However, this oligomer would not lead to the fibrils since the C-terminal b-sheet is intramolecular. As shown in Fig. 6d , the intermolecular b-sheet in the C-terminal region of Ab42 seems to be preferable to long fibrils. Our new aggregation model and the mechanism of the neurotoxicity of Ab42 provide unique opportunities to design reasonably novel inhibitors for Ab42 aggregation and subsequent oxidative stress. 
